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INCORPORATION OF SWEEP IN A TRANSONIC FAN DESIGN
USING A 3D BLADE-ROW GEOMETRY PACKAGE INTENDED

FOR AERO-STRUCTURAL MANUFACTURING OPTIMIZATION
Hazem Fabmy Abdel-Hamid-Major, Egyptian Air Force

B.S., Military Technical College, 1985
MSc., MTC Military Technical College, 1991

Doctor of Philosophy in Aeronautical Engineering-September 1997
Advisor: Raymond P. Shreeve, Department of Aeronautics and Astronautics

A new 3D blade row geometry package was developed and implemented. In the new representation the blade is described
by six Bezier surfaces two of which represent the pressure and suction surfaces with sixteen points each. The leading and
trailing edges are each represented by two Bezier surfaces. Only one extra parameter is required (in addition to the pressure
and suction surfaces parameters) to define each of the leading and trailing edge surfaces. Blade geometry manipulation in
this format is easily implemented. A change to one surface location affects the surrounding area inversely proportional to
the distance from the moved point, creating a smooth variation in geometry, free of waviness. The geometry generated is
easy to handle with CAD/CAM programs without any conversion or approximation. The representation was applied to an
existing transonic fan geometry to investigate effects of sweep. Results were obtained for the effect of forward and back-
ward sweep on the aerodynamic performance, and the associated effect on centrifugal stress levels was obtained. The
investigation demonstrated the suitability of the package to be incorporated into a multi-disciplinary design optimization
process.

VULNERABILITY REDUCTION OF MODERN TACTICAL AIRCRAFT
Christopher A. Adams-Lieutenant, United States Navy

B.S., Boston University, 1984
Master of Science in Aeronautical Engineering-March 1997

Advisor: Robert E. Ball, Department of Aeronautics and Astronautics
Second Reader: Conrad F. Newberry, Department of Aeronautics and Astronautics

Survivability engineers and Program Managers (PMS) must ensure that modern combat aircraft will be both mission effec-
tive and affordable by “designing in” survivability. Survivability means avoiding hits and when hit, withstanding the hits.
Vulnerability has been defined as the inability of an aircraft to withstand the damage caused by a hostile environment. Most
current tactical aircraft incorporate many vulnerability reduction features to reduce the likelihood of an aircraft kill given a
hit (Pk/h), thereby increasing the aircraft’s survivability. The goal of vulnerability reduction is to prevent critical damage
“hit” caused failures, to mitigate cascading threat effects, and to allow for graceful degradation of an aircraft. The next-
generation tactical aircraft under development is the Joint Strike Fighter (JSF). The JSF must be designed not only to avoid
being hit, but also to survive when hit. This thesis presents the latest vulnerability reduction designs, features, and guide-
lines that can be used to reduce the vulnerability of the JSF.

INCORPORATION OF A DIFFERENTIAL GLOBAL POSITIONING SYSTEM (DGPS)
IN THE CONTROL OF AN UNMANNED AERIAL VEHICLE (UAV) FOR PRECISE

NAVIGATION IN THE LOCAL TANGENT PLANE (LTP)
Peyton M. Allen-Lieutenant, United States Navy

B.S., United States Naval Academy, 1989
Master of Science in Aeronautical Engineering-March 1997

Advisor: Isaac I. Kaminer, Department of Aeronautics and Astronautics
Second Reader: Richard M. Howard, Department of Aeronautics and Astronautics

The purpose of this thesis is to incorporate the Global Positioning System (GPS) and Inertial Navigation System (INS), for
the guidance of an unmanned aerial vehicle (UAV) seeking precise navigation in a Local Tangent Plane (LTP). By applying
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the Differential Positioning technique, GPS position data becomes more accurate. This position can then be referenced to a
known location on the ground in order to give the aircraft’s position in the Local Tangent Plane.

The FOG-R UAV at the Naval Postgraduate School will be used for autonomous flight testing using a Texas Instru-
ments TM5320C30 Digital Signal Processor (DSP). This DSP is hosted on an IBM compatible PC, and is controlled via
Integrated System’s ACl00 control system design and implementation software package.

The GPS receiver used throughout this thesis is a Motorola PVT-6 OEM. Another identical GPS receiver is used as a
reference station, thus providing the Differential capability. The objectives of this thesis are to: ensure the system is able to
accept current location from the GPS and convert it to LTP, display the LTP coordinates (numerically and graphically), and
be able to easily change the origin coordinates. Finally, the achieved accuracy of the differential setup is examined.

A STUDY OF THE EFFECTS OF ON-BOARD ELECTRONIC
 COUNTERMEASURES (ECM) ON THE COMBAT SURVIVABILITY OF AIRCRAFT (U)

Stephen K. Barrie-Lieutenant, United States Navy
B.S., United States Naval Academy, 1989

Master of Science in Aeronautical Engineering-March 1997
Advisor: Robert E. Ball, Department of Aeronautics and Astronautics

Second Reader: Conrad F. Newberry, Department of Aeronautics and Astronautics

On-board electronic countermeasures increase aircraft survivability by reducing the likelihood that the aircraft will be hit
by a radar guided missile. The cost of developing and maintaining ECM equipment must be justified by the increase in
survivability since these actions require money and incur aircraft design penalties, such as increased weight.  By examining
ECM’s effect on missile miss distance using statistical parameters, a quantifiable increase in miss distance due to ECM may
be determined.  Consequently, this thesis gathers and examines available data (from computer simulations, hardware-in-
the-loop tests, and open-air tests) on the effects of ECM on missile miss distance.  When combined with the missile warhead’s
lethality in an endgame study, an overall value for the increase in survivability may be determined.

FOUNDATION OF A LONG-TERM RESEARCH EFFORT IN LIQUID
SPRAY DETONATIONS FOR USE IN A PULSE DETONATION ENGINE

Keith A. Beals-Lieutenant, United States Navy
B.S., United States Naval Academy, 1988

Aeronautical and Astronautical Engineer-June 1996
Advisor: David W. Netzer, Department of Aeronautics and Astronautics

Second Reader: Raymond P. Shreeve, Department of Aeronautics and Astronautics

The pulse detonation engine (PDE) concept, which may provide increased performance for high speed tactical missiles, is
reviewed. For the PDE technology to realize its full potential, high-energy-density, liquid-hydrocarbon fuels must be deto-
nated reliably with air. The present project has initiated a long-term effort to characterize critical detonation properties of
liquid fuel sprays in air. A modular, stainless-steel detonation tube, and an acrylic replica were designed and built to mea-
sure detonation wave and liquid-spray characteristics.  Air-assist atomizing nozzles were tested with both qualitative and
quantitative diagnostics to characterize forward and reverse-flow injection of water sprays into simulated PDE combustors.
Laser-illuminated, stop-action video data recorded poor axial penetration of the injected spray near the head end of the
combustor. Malvem 2600 Particle Analyzer data showed Sauter mean diameters between 10 and 60 microns.  Laser trans-
mittance and Malvern measurements both indicated that considerable fuel mass was either lost from the open tube end or
deposited on the tube wall before the desired detonation time, indicating that improvements are required for the fuel injec-
tion process. The transient nature of the injection limited the usefulness of a phase-doppler particle analyzer. Two fuel-
injection configurations were characterized with comparable particle mass concentrations, but significantly different levels
of homogeneity throughout the detonation tube.
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DETERMINATION OF HUB FORCES AND MOMENTS OF THE
 RAH-66 COMANCHE HELICOPTER

William F. Beaver, Jr.-Lieutenant, United States Navy
B.A.E., Georgia Institute of Technology, 1986

Master of Science in Aeronautical Engineering-December 1996
Advisor: E. Roberts Wood, Department of Aeronautics and Astronautics

Second Reader: Donald A. Danielson, Department of Mathematics

Efforts to establish a better understanding of the performance of the RAH-66 Comanche helicopter were performed as part
of an engineering internship with the Sikorsky Aircraft Comanche Dynamics group in Trumbull (Stratford), Connecticut.
Test data from whirl stand testing and the Comanche Propulsion System Testbed (the ground test vehicle replacement) was
evaluated. Fixed and rotating frame measurements were used to determine hub moments and forces generated by cyclic
inputs. Flapping response phase to control input was also determined. Other mast loads were examined to determine the
cause for greater than anticipated hub forces. Edgewise bending of the rotor blades was found to be a significant contributor
to hub forces.

A STUDY OF THE EFFECTS OF COUNTERMEASURE DISPENSER
LOCATION ON INFRARED DECOY EFFECTIVENESS (U)

Scott R. Blake-Lieutenant, United States Navy
 B.S., Norwich University, 1988

Master of Science in Aeronautical Engineering-March 1997
Advisors: F. Levien, Information Warfare Academic Group

 Robert E. Ball, Department of Aeronautics and Astronautics

The latest generation of infrared guided missiles employs a wide variety of techniques designed to discriminate between the
target aircraft and flares. As a result, every aspect of a flare design and employment has become increasingly important. In
response to the threat, countermeasure designers are having to rethink countermeasure design and employment.

This study focuses on one aspect of the problem facing countermeasures designers, that of dispenser location. To that
end the effectiveness of the current SH-60B Seahawk dispenser locations will be compared to those of the planned SH-60R.
Each configuration will employ pyrotechnic and pyrophoric flares against a counter-countermeasures capable threat in
hovering, non-maneuvering and maneuvering scenarios.

EDUCATIONAL MATERIALS FOR THE IMPLEMENTATION
OF SURVIVABILITY IN COMBAT AIRCRAFT DESIGN

Sean P. Brennan-Lieutenant Commander, United States Navy
B. S., University of Wisconsin-River Falls, 1982

Master of Science in Aeronautical Engineering-March 1997
Advisor: Robert E. Ball, Department of Aeronautics and Astronautics.

Second Reader: Conrad F. Newberry, Department of Aeronautics and Astronautics.

This thesis presents the educational objectives, and the means to achieve the objectives, essential for the implementation of
aircraft combat survivability in design. Achieving the educational objectives forms the basis of a student’s knowledge and
proficiency within the aircraft survivability discipline. To realize the goal of this thesis, the specific educational objectives
for aircraft survivability had to be reviewed, refined, and further developed. The educational objectives, adopted in this
thesis, include the course objectives established in the Aircraft Combat Survivability course taught at the Naval Postgradu-
ate School (NPS), in additional to objectives obtained from the results of a survivability survey conducted at NPS as a part
of this thesis. The educational materials, developed herein, reinforce the fundamental concepts of aircraft combat surviv-
ability through demonstration, implementation, application, and analysis of realistic design problems. Once firmly in-
grained, the essential elements are then incorporated in a detailed survivability program. The program utilizes a generic
aircraft and generic mission which allow students the chance to study any aircraft of interest. In addition, working the
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program will give students the opportunity to apply many of the concepts of survivability to a complete survivability
program, from conceptual design to production. The intent of this work is to provide students, of the aircraft survivability
discipline, additional educational materials designed to enhance their knowledge and proficiency of aircraft survivability in
design.

MINIMUM VARIATION MANEUVERS USING INPUT SHAPING AND PULSE-
WIDTH, PULSE FREQUENCY MODULATED THRUSTER CONTROL

Nicholas V. Buck-Lieutenant Commander, United States Navy
B.S.E.E., United States Naval Academy, 1984

Aeronautical and Astronautical Engineer-December 1996
Advisor: Brij N. Agrawal, Department of Aeronautics and Astronautics

Second Reader: Gangbing Song, Department of Aeronautics and Astronautics

Minimizing the modal vibration induced by on-off thrusters is a challenging problem for designers of flexible spacecraft.
This thesis presents the first study of Pulse-Width, Pulse-Frequency (PWPF) modulated thruster control using the method
of command input shaping. Input shaping for systems with linear actuators has been successfully developed to reduce
modal vibrations. Recently, this method has been extended to systems with on-off actuators to some degree. However,
existing approaches require complicated non-linear optimization and result in bang-bang control action. Bang-bang thruster
operation on flexible spacecraft is propellant-intensive and causes frequent thruster switches. In this thesis, a new approach
integrating command input shaping with PWPF-modulated thruster control is developed to minimize residual vibration in
maneuvers and to reduce propellant consumption. To realize this approach, an in-depth analysis of the PWPF modulator is
first conducted to recommend parameter settings. Next, command input shapers are designed and integrated with the PWPF
modulator. Simulation verifies the efficacy of this technique in reducing modal vibration. Lastly, robustness analyses are
preformed and demonstrate the method’s insensitivity to frequency and damping uncertainty.

DRAG STUDY AND PERFORMANCE TRADEOFFS OF A PITCHLOCKED
PROPELLER ON THE P3 ORION AIRCRAFT

Wesley P. Cochran-Lieutenant, United States Navy
B.S., University of Kansas, 1989

Master of Science in Aeronautical Engineering-March 1997
Advisor: Richard M. Howard, Department of Aeronautics and Astronautics

Second Reader: Conrad F. Newberry, Department of Aeronautics and Astronautics

A result of many malfunctions of the propeller system on the Lockheed P3 Orion is called pitchlock, a feature of the
propeller pitch control mechanism that prevents low blade angles and high drag loads. Pitchlock can have serious negative
impacts on the range of the aircraft, which is a critical consideration on a long-range patrol mission. The U.S. Navy P3 Fleet
Replacement Squadron Fleet NATOPS Department requested an investigation of the pitchlock situation and the subsequent
impact on the aircraft range. Two vortex/blade element propeller analysis computer codes were used to investigate pitchlocked,
windmilling propellers. The blade angle of a decoupled propeller was predicted accurately, yet negative thrust predictions
varied widely. A lack of engine data prevented use of the computer codes to investigate the coupled situation. Available
negative thrust and windmilling rpm data verified by the codes was demonstrated to be useful in determining the pitchlock
blade angle, the drag of the pitchlocked propeller in a windmilling condition with the engine shutdown, and the airspeed
which must be decelerated to in order to prevent decoupling when the engine is shut down. Maximum range performance
could not be addressed due to the lack of engine performance data.
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WIND TUNNEL TEST OF THE TIER III MINUS
UAV FOR TUMBLING INVESTIGATIONS

Trent R. DeMoss-Lieutenant, United States Navy
B.S., Morehead State University, 1990

Master of Science in Aeronautical Engineering-March 1997
Advisor: Richard M. Howard, Department of Aeronautics and Astronautics

Second Reader: Conrad F. Newberry, Department of Aeronautics and Astronautics

Static and dynamic low-speed wind tunnel tests were conducted to determine the aerodynamic characteristics of a 1/25-
scale Tier III Minus model. These experiments were the initial study for on-going research to investigate the tumbling
susceptibility of the Tier III Minus planform. Static force and moment data were obtained for 0° to 360° angle of attack with
the use of an internal strain-gage balance. Dynamic forced-oscillation tests were performed to obtain pitch damping data.
Static results were as predicted and compared favorably with generic planform data collected by other investigators. How-
ever, dynamic testing failed to produce reliable pitch-damping information. Based on the geometric design of the Tier III
Minus and the static pitching moment data, it is likely that the platform will experience tumbling given the proper initial
conditions. However, computer simulation is required for further analysis.

A STUDY OF THE EFFECTS OF GEOMETRIC VARIATIONS
ON THE FLOW CHARACTERISTICS IN THE FASTHAWK COMBUSTION CHAMBER

Timothy J. Dunigan-Lieutenant Commander, United States Navy
B.M.E, Villanova University, 1986

Master of Science in Aeronautical Engineering-December 1996
Advisor: David W. Netzer, Department of Aeronautics and Astronautics

Second Reader: Richard M. Howard, Department of Aeronautics and Astronautics

A water tunnel study was conducted in support of the FASTHAWK combustor design.  Five combustion chamber configu-
rations (including a combustion can, aerogrid, turbulator and swirl devices at the dump plane) were evaluated with Laser
Doppler Velocimetry (LDV) to measure profiles of turbulence intensity and axial velocity. Laser sheet flow visualization
was used to analyze flow patterns of seven different combustion can designs and nozzle exit swirl.

The baseline, swirl, and aerogrid configurations produced similar flow characteristics, moderate turbulence intensity,
and a large primary recirculation zone.  The latter was unsuitable for short (L/D < 1.0) combustors.  The combustion can and
turbulator configurations were similar to one another with respect to axial velocity profiles and both produced a primary
recirculation zone with L/D significantly less than 1.0. The turbulator configuration also produced significantly higher
turbulence intensities throughout the combustion chamber, greater than any of the other configurations. The evaluation of
the combustion can designs revealed the greatest impact on flow patterns results from the axial location of hole rows and
that fuel injection is optimum when done near the downstream end of the primary recirculation zone.

THE CONTROL OF BIFURCATIONS WITH ENGINEERING APPLICATIONS
Osa F. Fitch-Lieutenant Commander, United States Navy

M.S., Massachusetts Institute of Technology, 1982
Doctor of Philosophy in Aeronautics and Astronautics-September 1997

Dissertation Supervisor: Wei Kang, Department of Mathematics
Committee Chairman: Richard M. Howard, Department of Aeronautics and Astronautics

This dissertation develops a general method for the control of the class of local bifurcations of engineering interest, includ-
ing saddle-node, transcritical, pitchfork, and Hopf bifurcations. The method is based on transforming a general affine
single-input control system into quadratic normal form through coordinate transformations and feedback. (The quadratic
normal form includes the quadratic order Poincare normal form of the uncontrolled system as a natural subset.) Then, linear
and quadratic state feedback control laws are developed which control the shape of the center manifold of the transformed
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system. It is shown that control of the center manifold allows the quadratic and cubic order terms of the center dynamics to
be influenced to produce non-linear stability. Specific matrix operations necessary to transform a general affine single-input
control system into quadratic normal form are provided. Specific control laws to stabilize a general system experiencing a
linearly unstabilizable saddle-node, transcritical, pitchfork, or Hopf bifurcation are also provided.

A ROBUST METHODOLOGY TO EVALUATE AIRCRAFT SURVIVABILITY
ENHANCEMENT DUE TO COMBINED SIGNATURE REDUCTION

AND ONBOARD ELECTRONIC ATTACK
Brian M. Flachsbart-Lieutenant Commander, United States Navy

B.S., United States Naval Academy, 1986
Master of Science in Aeronautical Engineering-June 1997

Advisor: Robert E. Ball, Department of Aeronautics and Astronautics
Second Reader: CAPT James R. Powell, Information Warfare Academic Group

This thesis examines the effect of combining radar signature reduction and onboard electronic attack (EA) capability on the
survivability enhancement of a generic joint strike fighter (JSF). The missions of a generic JSF are examined, and a tactical
scenario for an air-to-air mission and a strike mission are presented. The principles of signature reduction and EA using
onboard Electronic Countermeasures (ECM) are reviewed. The effect of signature level and of jammer effective radiated
power (JERP) on the ability of a radar to detect the JSF are determined individually. Finally, an approach for combining the
two survivability enhancement features is described, in the context of the two tactical JSF scenarios, and an EXCEL spread-
sheet program entitled RCS-JERP is developed using unclassified radar and EA equipment data. Although all of the mate-
rial in this thesis and in RCS-JERP are unclassified, the principles, methodology, and spreadsheet can be applied to specific
(and classified) scenarios by utilizing the specific radar data, applicable mission threat analyses, and the effectiveness of the
specific EA techniques employed.

PRESSURE-SENSITIVE PAINT MEASUREMENTS ON
 A ROTOR DISK SURFACE AT HIGH SPEEDS

Shane G. Gahagan-Lieutenant Commander, United States Navy
 B.S., North Carolina State University, 1986

Master of Science in Aeronautical Engineering-June 1997
Advisor: Raymond P. Shreeve, Department of Aeronautics and Astronautics

Second Reader: Garth V. Hobson, Department of Aeronautics and Astronautics

Measurement of the static-pressure distribution over the surface of a rotor disk was attempted using pressure-sensitive paint
(PSP). A uniform-stress, high-speed rotor disk, fitted with a shock generator, was built, installed, and operated at speeds in
excess of 20,000 RPM by a Hamilton-Standard turbine-driven fuel pump. A once-per-revolution trigger signal was con-
verted to a transistor-to-transistor logic (TTL) format and used to gate an intensified charged-coupled device (CCD) video
camera. Multiple low-intensity-level camera exposures were integrated and captured to produce a single usable image. Ten
captured images were averaged to increase the image’s signal-to-noise ratio and the result was used to produce an image
ratio with respect to a static reference condition. Finally, a pseudo-coloring process was used to develop a color image that
related intensities to both temperature and pressure distributions in accordance with the Stern-Volmer relation. Paint strip-
ping and temperature dependence prevented the measurement of pressure at transonic speeds. The test-bed facility and
acquisition techniques developed here could now be used to overcome those limitations.
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AIRCREW CENTERED SYSTEM DESIGN ANALYSIS
CONSIDERATIONS FOR THE MH-53E HELICOPTER

Gregory J. Gibson-Lieutenant, United States Navy
B.S., University of Missouri-Rolla, 1988

Master of Science in Aeronautical Engineering, December 1996
Advisor: Conrad F. Newberry, Department of Aeronautics and Astronautics

Second Reader: E. Roberts Wood, Department of Aeronautics and Astronautics

An analysis was made of the aircrew centered system design aspects for the MH-53E helicopter. These aircrew centered
design features included changes in the cockpit, aircraft weight and drag coefficient. The cockpit evaluation compared the
current MH-53E cockpit configuration with design changes currently under review by the Navy. This evaluation suggests
that the proposed cockpit design display change may reduce aircrew load stress and improve mission effectiveness. Changes
in subsystem components may either increase or decrease the weight of the MH-53E. Similarly, changes in crew tasking
may result in a need for more or less fuselage volume size. Therefore, the sensitivity of MH-53E performance to generic
changes in weight and drag was investigated in order to make source assessment of equipment and crew tasking changes
upon MH-53E mission effectiveness.

A SYSTEM ANALYSIS OF A NEW ASCM SIMULATOR
Galen Lee Goldsmith-Lieutenant, United States Navy

B.S., University of Wisconsin-Madison, 1988
Master of Science in Aeronautical Engineering-March 1997

Advisors: D. Curtis Schleher, Information Warfare Academic Group
Russell W. Duren, Department of Aeronautics and Astronautics

This research applied a Systems engineering approach to identity the technical characteristics for an improved ALQ-17O(V)
Anti-Ship Cruise Missile (ASCM) simulator. This simulator pod attaches to a F/A-18C Hornet to provide ASCM defense
training. The new simulator provides a fully coherent, multi-polarization, broad band simulator that emulates all current
and postulated ASCM threats through the year 2020.

A set of requirements were developed from the Operational Requirements Document (ORD) for the ALQ-170 Perfor-
mance Enhancement Program (PEP) and fleet messages. Five design alternatives were examined through a number of
trade-off studies in order to identify a preferred configuration. Multiple Attribute Utility Theory (MAUT) was used to score
the five alternatives to determine the best possible replacement for the ALQ-170. The preferred configuration provides true
“dial-a-threat” capability whereby any one of over 125 known ASCM threats are simulated upon operator command.

TESTING AND ANALYSIS OF A TRANSONIC AXIAL COMPRESSOR
Bart L. Grossman-Lieutenant, United States Navy

B.S.E.E., University of Texas, Austin, 1987
Master of Science in Aeronautical Engineering-September 1997

Advisor: Raymond P. Shreeve, Department of Aeronautics and Astronautics
Second Reader: Garth V. Hobson, Department of Aeronautics and Astronautics

A test program to evaluate a new transonic axial compressor stage was conducted. The stage was designed (by Nelson
Sanger of NASA Lewis) relying heavily on CFD techniques while minimizing conventional empirical design methods. The
stage was installed in the NPS Transonic Compressor Test Rig and instrumented with fixed temperature and pressure
probes. A new PC-based data acquisition system was commissioned and programmed for stage performance measure-
ments. These were obtained at 50, 60, 65, 70, and 80% of the design speed before failure of the spinner retaining bolt led to
the loss of the stage. The flow through the rotor was analyzed and the rotor performance predicted using a 3-dimensional
viscous code (RVC3D). The predicted rotor performance agreed qualitatively and was numerically consistent with the
measured stage performance.
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EXPERIMENTAL AND NUMERICAL INVESTIGATION OF SECOND-GENERATION,
CONTROLLED-DIFFUSION, COMPRESSOR BLADES IN CASCADE

 Darren V. Grove-Civilian
B.S.A.E., University of Maryland, 1993

Master of Science in Aeronautical Engineering-June 1997
Advisor: Garth V. Hobson, Department of Aeronautics and Astronautics

Second Reader: Raymond P. Shreeve, Department of Aeronautics and Astronautics

This thesis contains a detailed experimental and numerical investigation of second-generation, controlled-diffusion com-
pressor-stator blades at an off-design inlet-flow angle of 39.5° Investigation of the blades took place in a low-speed cascade
wind tunnel using various experimental procedures. The objective of the wind tunnel study was to characterize the flow
field in and around the blades at the off-design angle, and to investigate flow separation near the mid-chord for a high
Reynolds number of 640,000. It was known from previous studies that boundary layer thickness on the end walls were of
different thicknesses. Thus, prior to taking data, an adjustment to the end wall boundary layer thickness was attempted by
insertion of an aluminum trip strip far upstream of the blades. Rake probe surveys were performed upstream and down-
stream of the blades in order to obtain spanwise upstream and downstream total pressure profiles. Surface flow visualiza-
tion was performed on the blades using a titanium dioxide and kerosene mixture. Blade surface pressure measurements
were obtained using a 40-hole instrumented blade from which coefficients of pressure were calculated. A standard optics,
two-component laser-Doppler velocimeter was used to characterize the flow field upstream, in the boundary layer on the
suction side of the blades, and in the wake region. A numerical investigation was conducted using the rotor viscous code 3-
D developed by Dr. Roderick Chima of NASA Lewis Research Center.

Overall, good agreement between flow visualization, blade pressure measurements, laser measurements, and numeri-
cal modeling was obtained.

ON INTEGRATED PLANT, CONTROL AND GUIDANCE DESIGN
Eric N. Hallberg, Lieutenant Commander-United States Navy

B.S., University of Pennsylvania, 1984
M.S., Naval Postgraduate School, 1994

Doctor of Philosophy in Aeronautics and Astronautics-September 1997
Dissertation Supervisor: Isaac I. Kaminer, Department of Aeronautics and Astronautics

Two theoretical methods and the development of a guidance, navigation and control rapid prototyping system address the
issue of considering the integral participation of feedback early in the design process. The first method addresses the
problem of sizing the horizontal tail on a statically unstable transport aircraft. Dynamic constraints including recovery from
a severe angle of attack excursion and penetration of a vertical wind shear are formulated in terms of the solution to a
convex minimization problem utilizing LMIs and used to size the horizontal control surfaces. The second method addresses
the problem of tracking inertial trajectories with applications for unmanned air vehicles. This problem is posed and solved
within the framework of gain scheduled control theory leading to a new technique for integrated guidance and control
systems with guaranteed performance and robustness properties. Finally, a rapid prototyping system for the flight test of
GNC algorithms for unmanned air vehicles is designed that affords a small team the ability to quickly take a new concept in
guidance, navigation, and control from initial conception to flight test.
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CONVENTIONAL AND PROBABILISTIC FATIGUE LIFE PREDICTION
 METHODOLOGIES RELEVANT TO THE P-3C AIRCRAFT

Todd R. Kousky-Lieutenant, United States Navy
B.S., United States Naval Academy, 1989

Master of Science in Aeronautical Engineering-March 1997
Advisor: Edward M. Wu, Department of Aeronautics and Astronautics

Second Reader: Gerald H. Lindsey, Department of Aeronautics and Astronautics

This thesis investigates conventional and probabilistic methodologies for predicting the fatigue life of critical components
in the P-3C aircraft.  A probabilistic damage convolution model was developed with the intent of providing quantitative
predictions of life-variability. Traditional methodologies, which are based nominally on median values, lack the capacity to
adequately assess variability. Aluminum 7075-T6 was tested using a fatigue Material Test System. A fatigue database was
compiled from tests conducted at the Naval Postgraduate School and from literature sources.

NUMERICAL INVESTIGATION OF TUMBLING
CHARACTERISTICS OF THE TIER III MINUS UAV

Darrell Duane Lack-Lieutenant, United States Navy
B.S.M.E., University of Nebraska, 1989

Master of Science in Aeronautical Engineering-March 1997
Advisor: Richard M. Howard, Department of Aeronautics and Astronautics
Second Reader: Oscar Biblarz, Department of Aeronautics and Astronautics

In light of today’s high cost military aircraft and the desire for zero fatalities in military conflict, the Unmanned Aerial
Vehicle (UAV) has become increasingly more important, and with the recent use of UAVs in Operation Desert Storm,
improvements in the current technologies are both indicated and desirable. However, with today’s increase in threat sophis-
tication, there has also been a recent surge of interest in the design of low observable, or stealth, aircraft. An example of a
current stealth UAV is the Tier III Minus DarkStar. The DarkStar is a joint venture between the Defense Advanced Research
Project Agency (DARPA), Defense Airborne Reconnaissance Office (DARO), and the Lockheed Martin (Skunk Works)/
Boeing Aircraft manufacturing teams. The DarkStar is also a tailless flying-wing aircraft and being of a flying-wing plan-
form makes the design potentially susceptible to tumbling, a sustained autorotative pitching motion. Using the full-scale
aircraft geometry, a three degree-of-freedom motion simulation program was run using coefficient data obtained from a 1/
25-scale wind-tunnel model. Initial indications show that the Tier III Minus is capable of tumbling under initial conditions
of high angle of attack and/or high pitch rate with average nose-down pitch rates of around -460 deg/sec.

DEVELOPMENT, CORRELATION, AND UPDATING OF A FINITE
ELEMENT MODEL OF THE OH-6A HELICOPTER
Michael R. Pampalone-Lieutenant, United States Navy

B.S., The Citadel, 1988
Master of Science in Mechanical Engineering-December 1996

Advisor: Joshua H. Gordis, Department of Mechanical Engineering
Second Reader: E. Roberts Wood, Department of Aeronautics and Astronautics

This thesis is part of the helicopter research program established at the Naval Postgraduate School (NPS). NPS currently
has two OH-6A light observation helicopters which were obtained from the U.S. Army. One of these is dedicated to ground
vibration testing and dynamics research.

Previous research on the OH-6A at NPS established baseline vibration test data. The data includes natural frequencies,
principal mode shapes and damping characteristics. This thesis continues previous research of the OH-6A and develops a
detailed finite element model to be used in future helicopter dynamics research at NPS.
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The model is based on an MSC/NASTRAN finite element model of a similar aircraft obtained from the McDonnell
Douglas Helicopter Company. Both the nose and empennage were modified to represent the structural characteristics of the
test article. Due to lack of structural design data, model mass updating was performed using previously obtained test data
and a design sensitivity approach. The updated model natural frequencies agree well with the test data.

DEVELOPMENT OF A DYNAMIC MODEL FOR A UAV
Evangelos C. Papageorgiou-Lieutenant, Hellenic Navy

B.S., Hellenic Naval Academy, 1988
Master of Science in Aeronautical Engineering-March 1997

Advisor: Isaac I. Kaminer, Department of Aeronautics and Astronautics
Second Reader: Richard M. Howard, Department of Aeronautics and Astronautics

Moments of inertia were experimentally determined and the longitudinal and lateral/directional static and dynamic stability
and control derivatives were estimated for a fixed wing Unmanned Air Vehicle (UAV). High fidelity, non-linear equations
of motion were derived and tailored for use on the specific aircraft. Computer modeling of these resulting equations was
employed both in Matlab/Simulink and in Matrix

x
/Systembuild. The resulting computer model was linearized at a specific

flight condition, and the dynamics of the aircraft were predicted. Several flight tests were conducted at a nearby airfield and
the behavior of the aircraft was compared to that of the computer model. The longitudinal dynamics as depicted by the short
period mode were found to be almost identical with those predicted by the non-linear computer model. The phugoid mode
was also observed and found to be in close agreement. In the lateral/directional dynamics, flight test was employed to
improve the model and the parameters were modified to obtain a better match. Ultimately a reasonably accurate non-linear
model was achieved as required for purposes of control and navigation system design.

EVALUATION OF THE CMARC PANEL CODE SOFTWARE SUITE
FOR THE DEVELOPMENT OF A UAV AERODYNAMIC MODEL

Stephen J. Pollard-Lieutenant Commander, United States Navy
B.S., United States Naval Academy, 1982

Master of Science in Aeronautical Engineering-June 1997
Advisors: Max F. Platzer, Department of Aeronautics and Astronautics

Ismail H. Tuncer, Department of Aeronautics and Astronautics

The CMARC panel code is evaluated to verify its accuracy and suitability for the development of an aerodynamic model of
the Naval Postgraduate School (NPS) FROG Unmanned Air Vehicle (UAV). CMARC is a DOS personal computer based
version of the NASA Panel Method Ames Research Center (PMARC) panel code.  The core processing algorithms in
CMARC are equivalent to PMARC. CMARC enhancements include improved memory management and command line
functionality. Both panel codes solve for inviscid, incompressible flow over complex three-dimensional bodies using po-
tential flow theory. Emphasis is first placed on verifying CMARC against the PMARC and NPS Unsteady Potential Flow
(UPOT) panel codes.  CMARC boundary layer calculations are then compared to experimental data for an inclined prolate
spheroid. Finally, a complex three-dimensional panel model is developed for aerodynamic modeling of the FROG UAV.
CMARC off-body flow field calculations are used to generate static-source and angle-of-attack vane position corrections.
Position corrections are provided in look-up table and curve fit formats. Basic longitudinal and lateral-directional stability
derivatives are also developed with CMARC data. CMARC derived stability derivatives are sufficiently accurate for incor-
poration into an initial aerodynamic model. Adjustments through analysis of flight test data may be required. Future CMARC
studies should concentrate on the development of the damping and control power derivatives.



1997 THESIS ABSTRACTS

59

AERODYNAMIC ANALYSIS OF A MODIFIED, PYLON-MOUNTED
JSOW/CATM USING MULTI-GRID CFD METHODS

Boaz Pomerantz-Major, Israeli Air Force
B.S., Aeronautical Engineering, Israel, 1986

Aeronautical and Astronautical Engineer-March 1997
Advisor: Oscar Biblarz, Department of Aeronautics and Astronautics

Garth Hobson, Department of Aeronautics and Astronautics

Computational Fluid Dynamics (CFD) has become a major tool in aerodynamic analysis throughout the aerospace indus-
tries, complementary to traditional methods such as wind tunnel testing, and analytical calculations. In this research, an
attempt was made to integrate the Similarity and Area Rules with CFD methods. Both tools, the Similarity/Area-Rule and
CFD are used to derive the characteristics of complicated aerodynamic shapes in the transonic Mach number regime. It was
found that the Similarity Rule can only be verified qualitatively. On the other hand, the Area Rule can be more completely
verified. The aim was to find ways to minimize the drag of the training configurations of the Air-to Ground (A/G) weapon,
Joint-Standoff-Weapon (JSOW), in its Captive-Air-Training-Missile (CATM) configuration. By analyzing the combination
of CATM and Pylon, it was found that the drag of this configurations depends on the average slop of the area cross-section
distribution of the afterbody. The CFD tools used were state-of-the-art grid generation code GRIDGEN, and multi-grid
integration code PEGSUS; the configurations were run with the OVERFLOW solver using Euler, as well as Navier-Stokes
solutions. For drag optimization, Euler solutions give adequate results, the need for NS solution can be restricted to more
intensity viscous analysis.

MODELING AND ANALYSIS OF HELICOPTER GROUND RESONANCE UTILIZING
SYMBOLIC PROCESSING AND DYNAMIC SIMULATION SOFTWARE

Christopher S. Robinson-Lieutenant, United States Navy
B.S., Rensselaer Polytechnic Institute, 1989

Aeronautical and Astronautical Engineer-March 1997
Advisor: E. Roberts Wood, Department of Aeronautics and Astronautics

Second Reader: Donald Danielson, Department of Mathematics

This thesis develops a technique for formulating the full nonlinear equations of motion for a coupled rotor-fuselage system
utilizing the symbolic processing software MAPLE®. The symbolic software is further utilized to automatically convert
the equations of motion into C, Fortran or MATLAB® source code formatted specifically for numerical integration. The
compiled source code can be accessed and numerically integrated by the dynamic simulation software SIMULINK®.
SIMULINK® is utilized to generate time history plots of blade and fuselage motion. These time traces can be used to
explore the effects of damping nonlinearities, structural nonlinearities, active control, individual blade control, and damper
failure on ground resonance. In addition, a MATLAB® program was developed to apply the Moving Block Technique for
determining modal damping of the rotor-fuselage system from the time marching solutions.

A STUDY ON THE INFRARED SUSCEPTIBILITY OF THE SH-60B
SEAHAWK TO THE SA-16 GIMLET IR SAM (U)

Edward J. Roth-Lieutenant, United States Navy
B.S., United States Naval Academy, 1989

Master of Science in Aeronautical Engineering-March 1997
Advisors: F. Levien, Information Warfare Academic Group
Robert E. Ball, Department of Aeronautics and Astronautics

The survivability of a helicopter in a hostile man-made environment is a function of the aircraft’s vulnerability and suscep-
tibility. Because vulnerability is determined in the aircraft’s design, susceptibility is the primary concern of the aircrew and
mission planners.
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     The Navy’s SH-60B Seahawk was initially designed for the primary mission of Undersea Warfare (USW) in the benign
open ocean environment. It has since evolved into a multi-mission platform with the added roles of Antisurface Warfare
(ASUW) and ASUW attack. Furthermore, the helicopter must now confront the potential threats associated with the litto-
rals, those coastal regions characterized by high sea and air traffic.
     This thesis will investigate the susceptibility of the SH-60B Seahawk to the Russian SA-16 infrared missile, a man-
portable air-defense system (MANPAD). The digital computer program MOSAIC (Modeling System for Advanced Inves-
tigation of Countermeasures) will be used to evaluate the SH-60B’s current infrared countermeasure systems.

INCORPORATION OF JOINT STANDOFF WEAPON STEERING
 COMMANDS WITH CARRIAGE AIRCRAFT
Vikram Sardana-Lieutenant, United States Navy

B.S., United States Naval Academy, 1989
Master of Science in Aeronautical Engineering-June 1997

Advisor: Isaac I. Kaminer, Department of Aeronautics and Astronautics
Second Reader: Gerald H. Lindsey, Department of Aeronautics and Astronautics

A combined student/faculty team at the Naval Postgraduate School has been working on the conceptual design of the
Unitary Joint Standoff Weapon (JSOW) Captive Air Training Missile (CATM). Previous work included modeling the
JSOW’s guidance and control system using the MATLAB/Simulink software package.  This thesis, covering the next step
in the design process, involves developing algorithms to display timely and realistic course changes to the pilot of the
carriage aircraft. The carriage aircraft and  algorithms  were  modeled  using  MATLAB/Simulink  and XMATH/Systembuild
software packages. A six-degree of freedom input device allows pilots to “fly” the carriage aircraft in a computer simulation
of the JSOW CATM-aircraft interface. Steering commands are displayed on a virtual cockpit, designed by another team
member using Designer’s Workbench software.

ACTIVE VIBRATION CONTROL OF FLEXIBLE STRUCTURES USING THE
MODULAR CONTROL PATCH (MCP)

Steven P. Schmidt-Lieutenant Commander, United States Navy
B.S.E.E., University of Illinois, 1984

Aeronautical and Astronautical Engineer-March 1997
Advisor: Brij N. Agrawal, Department of Aeronautics and Astronautics

Gangbing Song, Department of Aeronautics and Astronautics

Active vibration control has been increasingly used as a solution for spacecraft structures to achieve the degree of vibration
suppression required for precision pointing accuracy that is not easily achieved with passive damping. This thesis examines
the effectiveness and suitability of the Modular Control Patch (MCP) to achieve active vibration control on flexible struc-
tures. The MCP was developed by TRW for the United States Air Force and uses a digital signal processor to implement
control algorithms. The objective of the MCP program was to design a miniaturized multi-channel digital controller suit-
able for space-based vibration control. Three different control laws: Positive Position Feedback (PPF), Strain Rate Feed-
back (SRF), and Integral control were realized using the MCP. These control laws were used independently and in combi-
nation in order to discover the most effective damping for the first two modal frequencies on a cantilevered aluminum
beam. Two PPF filters in parallel provided the most effective mulit-mode damping. Further experiments tested the robust-
ness of the PPF control law implemented by the MCP. Increasing the compensator damping greatly improved PPF robust-
ness and expanded its capability as an effective controller.
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STRUCTURAL DESIGN ANALYSIS OF THE TAIL LANDING GEAR BAY AND
THE VERTICAL/HORIZONTAL STABILIZERS OF THE RAH-66 COMANCHE HELICOPTER

Brian Paul Shoop-Major, United States Army
B.S., United States Military Academy, 1986

Master of Science in Aeronautical Engineering-September 1997
Advisors: E. Roberts Wood, Department of Aeronautics and Astronautics

Donald A. Danielson, Department of Mathematics
Joshua H. Gordis, Department of Mechanical Engineering

The RAH-66 Comanche’s stealth design requires the use of radar-absorbing material (RAM) on the outer skin of the
aircraft. The reduced stiffness properties of RAM produce insufficient tail torsional stiffness, necessitating the use of non-
radar-absorbing graphite on the outer skin of the prototype’s tail section. This thesis investigates structural design modifica-
tions to increase the tail section’s stiffness to allow the use of RAM on the outer skin and still meet all structural require-
ments. An original model represents the prototype aircraft at first flight. The goal is to create a model using RAM on the
outer skin that matches the structural stiffness of the original model. This thesis builds on earlier work conducted at the
Naval Postgraduate School (NPS). Two new design modifications to the tailcone are developed. The best modification
increases the torsional stiffness of a baseline model by six percent. Integrating earlier NPS modifications increases torsional
stiffness by 12 percent. When RAM is applied to the outer skin of the modified model, torsional stiffness is reduced by only
six percent from the baseline as compared to a 24 percent reduction with no modifications. Additional modifications to the
vertical and horizontal stabilizers further increase structural stiffness and reduce weight.

INTEGRATION OF COMMERCIAL MOBILE SATELLITE
SERVICES INTO NAVAL COMMUNICATIONS
Cary Reese Stone-Lieutenant, United States Navy

B.S., University of Mississippi, 1992
Master of Science in Space Systems Operations-September 1997

Advisor: Brij Agrawal, Department of Aeronautics and Astronautics
Second Reader: Donald v. Z. Wadsworth, Space Systems Academic Group

Mobile Satellite Services (MSS) need to be integrated into Naval Communications. DoD SATCOM military-owned sys-
tems fall well short of meeting DoD SATCOM requirements in general and mobile SATCOM specifically. This thesis
examines DoD SATCOM requirements, especially those affecting communications on the move. From these requirements,
three systems—Inmarsat, Iridium and Globaistar—are identified and evaluated for potential use in Naval Communications.
An overview of space communications and each of the three systems is provided to identify general operational capabili-
ties, system strengths, and system weaknesses. The Naval narrowband functional requirements process is explored and
DoD SATCOM and Commercial MSS ability to satisfy those requirements is assessed. Potential Naval MSS communica-
tions missions are examined and possible DoD enhancements are considered for each system as well as the impact these
enhancements will have on each system. Recommendations are provided as to which Naval communications missions are
best suited for these enhanced MSS.
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ANALYSIS OF POTENTIAL STRUCTURAL DESIGN MODIFICATIONS FOR
THE TAIL SECTION OF THE RAH-66 COMANCHE HELICOPTER

Vincent M. Tobin-Major, United States Army
B.S., Bucknell University, 1985

Master of Science in Aeronautical Engineering-June 1997
Advisors: E. Roberts Wood, Department of Aeronautics and Astronautics

Donald A. Danielson, Department of Mathematics
Joshua H. Gordis, Department of Mechanical Engineering

The Army RAH-66 Comanche Helicopter made its first flight in January of 1996. Its current structural configuration,
however, does not meet the Army’s requirements for radar signature. Structural configurations of the tailcone that meet
radar cross-section requirements tend to lack sufficient structural stiffness due to the presence of Kevlar in place of graphite
on the outer mold line. This thesis investigates potential structural design modifications to the Comanche tailcone that
would move the design closer to meeting both its structural and radar signature requirements. Structural geometry modifi-
cations with baseline (current configuration) materials increased torsional stiffness by six percent. Geometry modifications
using radar signature-compliant materials reduced torsional stiffness by 15 percent. The geometry changes analyzed pro-
duce structural performance improvements insufficient to allow the use of radar-compliant materials without further geom-
etry changes.

EXPERIMENTAL AND COMPUTATIONAL ANALYSIS OF SEPARATION BUBBLE BEHAVIOR FOR
COMPRESSIBLE, STEADY AND OSCILLATORY FLOWS OVER

A NACA 0012 AIRFOIL (M • = 0.3, Re
c
 = 540,000)

Robert D. Van Dyken-Commander, United States Naval Reserve
B.S., Montana State University, 1971

M.S., Mechanical Engineering, California State University Northridge, 1988
Doctor of Philosophy in Aeronautical and Astronautical Engineering-March 1997

Advisors: Max F. Platzer, Department of Aeronautics and Astronautics
M. S. Chandrasekhara, Department of Aeronautics and Astronautics

In this thesis, the separation bubble behavior and its effect on the steady and dynamic stall characteristics of a thin airfoil in
a compressible flow at a transitional Reynolds number was studied. For such flows, laminar separation occurs near the
airfoil leading edge, but turbulent reattachment occurs within a short distance downstream, forming a separation bubble in
the underlying region. Two experimental techniques, point diffraction interferometry (PDI) and laser doppler velocimetry
(LDV), were used to acquire detailed flowfield information that showed the development of the leading-edge separation
bubble and its subsequent bursting at higher angles of attack. The initiation of the stall process from the leading-edge
separation bubble as opposed to trailing-edge flow reversal pointed to the need for transitional flow analysis. Both in the
boundary layer and Reynolds-averaged, Navier-Stokes (N-S) analysis methods, transition models were incorporated to
determine the location and extent of the transition zone that best modeled the measured separation bubble behavior. Com-
puted results for steady flow gave remarkable agreement with the measurements. The computations compared favorably
with the measurements for an airfoil oscillating in pitch about the quarter-chord point during the airfoil upstroke. However,
the computations did not predict the light stall and vorticity-shedding process that was measured during the airfoil downstroke.
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DEVELOPMENT AND COMPARISON OF THE SH-60B USAGE SPECTRUM
 BASED ON HEALTH AND USAGE MONITORING SYSTEM DATA

Joseph L. Vaughan-Commander, United States Navy
B.A., College of William and Mary

Master of Science in Operations Research-September 1997
Advisor: Harold J. Larson, Department of Operations Research

Second Reader: E. Roberts Wood, Department of Aeronautics and Astronautics

One possible bridge between continued high helicopter readiness rate requirements and restricted maintenance budgets is
the Health and Usage Monitoring System (HUMS). This system, installed on one U.S. Navy SH-60B helicopter, is designed
to monitor and record flight control positions, aircraft flight regimes and aircraft drive system vibrations in an effort to
provide early notification of potential component failure and to provide a vibration trend analysis basis for component
replacement. Currently, the U.S. Navy bases SH-60B helicopter component replacement on a predicted aircraft usage
spectrum, which calls for component replacement after a fixed number of aircraft flight hours.

This research develops an aircraft usage spectrum from the detailed flight and aircraft parameter data recorded by
HUMS and compares it with the current U.S. Navy SH-60B usage spectrum. Using the HUMS usage spectrum, component
replacement times are calculated for four of the most frequently replaced SH-60B components and these results are com-
pared with currently used replacement times for these components.

MODELING IN THE DESIGN AND ANALYSIS OF A
HIT-TO-KILL ROCKET GUIDANCE KIT

W. Mark Wonnacott-Civilian
B.S.M.E., Brigham Young University, 1989

Master of Science in Aeronautical Engineering-September 1997
Advisor: Conrad F. Newberry, Department of Aeronautics and Astronautics

Second Reader: Louis V. Schmidt, Department of Aeronautics and Astronautics

This thesis presents several computer models used in the design and analysis of a Hit-to-Kill Rocket Guidance Kit (HRGK).
The HRGK—proposed as an inexpensive add-on kit—has the potential of converting unguided 2.75” diameter rockets into
precision weapons against non-tank targets. A Naval Postgraduate School design team recently participated in a nationwide
graduate student competition for the design of such a kit. The design and analysis process led the author to develop and use
various computer models and simulations. This thesis documents three distinct types of computer models found useful in
the design.
     The first, operational effectiveness modeling, established the cost effectiveness of the NPS HRGK. The second was
related to the preliminary sizing of various design aspects—ensuring the proper flow-down of system requirements into
design specifications. The third was a six-degree of freedom (6DOF) simulation, developed to perform detailed analyses of
the HRGK’s performance.
     Although the models presented in this thesis pertain to the HRGK, the basic principles apply to the design or evaluation
of other missile systems, and this thesis provides general insights regarding the benefits and limitations of computer mod-
eling in missile design.
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